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CVBgBlBTlCS  AND  AUTOMATIC  OONTItOL 
>  USSR  - 

/jPbllowing  is  s  translation  of  an  article  by  V,  A* 
Trapesnikov,  Aeadenician,  in  the  Russian-language 
periodical  Vestnik  Akademit  Hack  SSSR  (Journal  of  the 
Aeadesiy  of  Sciencej  USSR) ,  Vol  XXXXl,  No  5,  Moscow, 

May  1962,  pages  3S*42.  First  presented  as  a  speech 
at  the  Annual  Meeting  of  the  Acadasqr  of  Science  of  the 
USSR  on  7  February  1962^^ 


During  the  last  few  years,  cybemetioa  and  the  problems 
connected  with  it  more  and  more  excite  the  inagination  and  serve 
as  topics  for  debates  and  diacussions.  The  growth  of  interest 
in  cybernetics  hes  been  renarkeble,,  It  is  a  sign  of  the  beginning 
of  a  new  epoch  in  science  and  of  the  rise  and  rapid  growth  of  Its 
new  divisions  linking  together  fields  of  knowledge  which  yesterday 
still  seeaad  to  ba  widely  separated.  Cybernetics  is  the  science 
of  control,  and  control  is  united  purpose  of  action,  Wa  observe 
the  processes  of  control  everywhere,  in  living  organisms  as  wall 
as  in  the  automatic  machinas  which  wa  create  and  in  the  society 
in  which  we  live. 

But  only  a  eoiqiarativaly  Short  tiaa  ago  did  «a  grasp  vary 
important  eonoapt  of  a  oaity  of  Ism,  to  abloh  the  oontrol  pvoosssss 
are  attboidinats,  as  asttor  abora  thsgr  sra  foaad,  bt  thsy 
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in  the  nervous  system  of  en  snlmel  or  of  men.  In  a  computing 
machine,  in  the  control  mechanisms  of  automatic  machines,  or  in 
the  economic  structures  of  modem  society.  This  idea  «es  the 
basis  for  cybemeties. 

Control  did  not  exist  before  the  emergence  of  life,  but 
arose  with  its  origin.  This  distinctive  characteristic  is  a 
conmon  feature  of  living  organisms.  Bveryidiere,  where  life  is 
Btet,  we  find  that  it  is  associated  with  control  processes.  And 
everywhere,  where  we  meet  control  processes  in  nature,  we  without 
escception  also  meet  the  phenomenon  of  life. 

With  the  alternation  of  countless  generations,  the  forms 
of  life  were  perfected,  the  orgsunisms  became  more  coc^lex,  the 
level  of  vital  activity  increased  and,  finally,  in  the  form  of 
htiaan  life,  came  to  know  itself.  One  of  the  most  importar.t 
results  of  this  recognition  was  the  creation  of  artificial  control 
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systems,  the  offsprings  of  hunan  genius.  The  first  autosiatic 
machines  in  the  history  of  the  earth  appeared.  Systems  in  which 
united  purpose  of  action  was  accomplished  without  direct  participation 
of  living  organisms  were  created.  But  man,  the  creator  of  these 
automatic  machines,  gave  them  purpose  and  forced  them  to  serve 
his  will.  The  world  of  automatic  machines  is  closely  tied  to  the 
world  of  people.  They  are  his  creation  and  reflection.  . 

Hie  imitation  of  a  man's  or  an  animal's  activities  was 
the  starting  point  for  the  creation  of  the  first,  comparatively 
primitive,  eutometic  control  systems.  As  late  as  the  XVIII  century. 
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they  even  tried  to  give  the  eutomatle  mechinee  a  superficial 
reseiSblanee  to  living  organisois.  Without  a  doubt,  priority  in 
thr.  area  of  the  basic  principles  of  control  belong  to  nature.  And, 
nonetheless,  the  appearance  of  the  tirst  autonatlc  machines  was 
the  portent  of  a  new  mts.  The  crux  of  the  Blatter  Ilea  not  only 
In  the  practical  benefits  of  autoawitie  machinee,  but  also  in 
consequences  of  a  scientific  nature.  The  primitive  control 
systems  created  by  tun  could  be  thoroughly  studied  and  could  be 
"picked  to  pieces."  Man  was  then  &l>le  to  study  these  "cells" 
of  the  world  of  automatic  machines  and  these  simplest  of  concepts, 
the  knowledge  of  which  is  necessary  for  the  creation  of  a  theory 
and  the  emergence  of  the  laws  of  control.  Only  by  following 
this  method  is  it  possible  to  study  the  eos^lieeted  relationships 
which  exist  in  the  Interdependent  systems  of  control  eharaeteristlo 
of  a  living  organism,  ^at  Is  vhy  the  development  of  the  theory 
of  control  was  based  on  technical  achieveiBents.  Automatic  machines 
gave  rise  to  cybernetics.  And  up  to  the  present  time  this  is  why 
Its  division  which  Is  concerned  with  the  theories  of  control  in 
technical  systems  •  technical  cybemetics  •  Is  the  furthest  advanced 
It  is  chiefly  the  area  of  technical  cybemetics  which  has  seen 
an  exceptionally  high  rate  of  growth,  and  not  only  a  growth  of 
Ideas  and  theoretical  results,  but  also  the  introduction  of  these 
ideas  into  life  and  practice.  Xn  this  way,  the  praetieel  value  of 
eybematice  became  apparent  before  everythitg  alee  through  ita 
technical  adaptabilitiee  and  applications. 


But  th«  (tevtloptMnt  of  oybomotlea  la  axtraaMly  taportant 
tor  all  tha  aeleneaa  vhleh  touch  ipon  i t,  Tha  prlnclpla  of 
uuiflad  lawa  of  control  haa*  othar  than  a  eognltlva,  alao  a 
purely  praetleaV  value.  It  pamita  the  checking  of  varloua 
hypotheaea  concerning  the  functioning  of  the  nervoua  ayatee  on 
inanimate  modela  and,  at  the  same  time,  helpa  the  phyaiologiata 
to  underatand  ita  funotiona.  Hie  collaboration  of  phyaico- 
mathamatieal ,  technical  and  biological  aelencea  promlaaa  a 
revolution  In  biology.  Iha  principle  of  unified  lawa  of  control 
la  alao  invaluabla  for  engineera,  becauae  intelligent  obaervation 
of  aian'a  aetivitiaa  and  anailyaia  of  hie  phyaiological  and 
paychologieal  cauaationa  give  riae  to  new  Ideaa  and  new  prinoiplea 
of  eonatruetion  for  eooplax  automatic  nachinea. 

Ihua,  the  proceaa  of  control  la  ^  baale  Indication  of 
vital  activity.  /See  Ibte^/ 

/flotmt  Xn  order  to  avoid  a  miaunderatanding,  we  will 
note  that  we  do  not  by  any  meana  intend  to  eatabliab  a  level  of 
equality  between  a  livit^  organiaa  and  an  automatic  machine,  even 
though  in  each  of  them  control  procaaaea  are  reallaed.  An  automatic 
maohlne  ia  a  product  of  the  aetivitiaa  of  a  living  being  «  of  mai^ 
Cybemetiea,  then,  ia  a  complex  aeienee  which  atudiaa 
control  proceaaea  over  a  wide  field  and  appeara  in  eonnaotion 
with  manifeatationa  of  life  in  general  and  the  aetivitiaa  of  man 
in  particular.  Qontrol  proceaaea  in  a  cell,  in  an  organiam,  in 
the  aaaeolationa  of  living  organlima,  in  hvaan  aeelety,  in  an 


automatle  procaas  and  In  tha  varlegatad  manlfestatloria  of  nan’s 
intallaetual  aetlvitlaa  ara»  all  of  thaa*  areas  eneonpassad  by 
cybamatlca* 

Of  course,  wa  are  far  fron  hawing  tha  thought  of  trying 
to  axpottnd  on  tha  nany  various  tasks  of  eybamatica  and  will 
discuss  only  one  of  its  divisions  >  autooatie  control. 

By  using  scientific  aehiavssiantSi  man  is  in  avar-graater 
measure  conquering  the  forces  of  nature.  The  development  of 
atomic  energy  has  acquired  tremendous  importance  in  our  day. 
Without  a  doubt,  Soviet  science  will  also  solve  the  problem  of 
controlled  thermonuclear  reactions.  However,  there  is  no  doubt 
that  this  powerful  force  can  be  curbed  only  with  the  help  of 
automatic  control.  Indeed,  even  the  atcaic  reactors  now  operating 
cannot  function  without  automatic  control.  More  than  that,  it 
can  be  asserted  that  all  the  modem,  highly-effleient  processes 
require  the  uee  of  eutometie  control. 

Automatic  control,  to  en  ever •increaolng  extent,  is  taking 
over  in  suny  varying  Urenchee  of  the  national  economy.  Saeh  day 
brings  news  of  ths  activation  of  automatic  machinery  in  metallurgy, 
chemistry,  machine  construction,  energetics  end  mining. 

Automat ie  control  syatams  have  esei^ed  the  confines  of 
the  earth,  they  have  reached  the  noon,  they  extend  their  potential 
far  out  into  space.  Sven  the  aueeeeeful  launchings  of  artificial 
earth  eatellites  and  space  vehicles  would  be  unthinkable  without 
the  uee  of  highly  perfected  systsme  for  eutomatlon  in  them. 
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Ui  all  know  how  much  iaportanoa  Is  attadimd  in  the  Program 
of  the  Party  to  the  tasks  of  automation  as  one  of  the  main  lines 
for  technical  progress  to  provide  a  radical  increase  in  productivity 
and  an  Improvomant  in  the  conditions  of  labor. 

The  tasks  for  widespread  automation  of  the  national 
economy  formulated  by  the  Program  of  the  CPSV  require  the  accomplishment 
of  a  wide  range  of  scientific  research.  A  nmber  of  unsolved . 
problems  Is  holding  back  automation.  Many  processes  and  machines 
are  not  mechanised  and  not  prepared  for  automation.  WO  still  are 
not  able  to  control  many  quantities,  have  not  solved  questions 
concerning  the  reliability  of  equipment  and  the  utilisation  of 
computers  and  control  machines  is  difficult  not  only  because  of 
their  poor  reliability  but  also  because  many  processes  which 
could  be  made  automatic  have  not  been  thoroughly  studied  and  are 
not  ready  for  the  use  of  such  machines. 

One  could  talk  about  a  multitude  of  pressing  scientific 
problems  relating  to  the  field  of  automatic  control,  but  we  will 
stop  only  on  the  main.  iong»range  problems  having  special  sig¬ 
nificance  for  the  development  of  science  and  the  solution  of 
pressing  problems  awaiting  us  in  the  future. 

A  control  process  exists  throughout  the  idiole  life  of  an 
organism  and  throughout  all  the  functions  of  an  autosMtised  apparatus. 
Vftiether  visible  or  invisible,  it  always  consists  of  thro*  operations  « 
study  of  the  unit  to  be  controlled.  plannii\g  of  the  control  program 

A 

and  realisatiw  of  the  adopted  program.  These  dements  are  also 


present  in  the  so-called  '*open"  systems,  where  the  feedback 
closes  the  circuit  through  a  hman.  They  are  also  present  in 
animate  beings. 

Let  us  follow  the  control  operation  through  with  the 
simplest  example,  a  thermostat,  A  therraometer ,  while  measuring 
the  temperature  of  an  unit.,  studies  it.  This  is  the  first  'eoi^trol 
operation.  The  second  operation  is  the  planning  of  the  control 
prognua.  In  the  case  of  a  thermostat.  It  is  a  change  of  temperature 
accor>Sing  to  a  determined  program  i.diich  may  be  set  up  by  a  human 
or  calculated  by  a  computer.  The  third  operation,  realization 
of  the  program,  is  maintaining  the  temperature  at  a  given  level 
by  decreasing  or  increasing  the  feed  of  energy  into  the  unit. 

Let  us  return  to  the  first  operation  of  the  control  process, 
the  study  of  the  unit  being  controlled.  I-todeim  technology  Is 
converting  from  the  control  of  individual  apparatuses  to  the 
control  of  complexes;  therefore,  in  the  majority  of  systems,  the 
collection  of  information  for  study  of  Its  state  is  carried  out 
with  the  help  of  numerous  data  units  which  are  frequently  located 
at  loag  distances,  as,  for  example.  In  power  systems,  in  space 
vehicles  and  other  units.  For  processing  information,  specialized 
computing  and  logic  machines  have  been  created  which  expose 
disturbances  in  the  normal  functioning  of  processes  in  correspondence 
with  algorisms  previously  put  in. 

Similar  mechanisms  are  beginning  more  and  more  to  occupy 
a  place  in  control  systems.  At  this  point,  many  scientific  problems 
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Kitm  in  tha  utili^satlon  of  the  now  physical  phanonana  for  control. 

In  the  prlneiplas  for  creating  highly  dapandabla  systeas,  In  the 
working  out  of  progrtfis  for  rational  collection  and  processing 
of  Information  providing  a  maximtm  of  useful  information  idien 
using  the  most  simplified  systa»,  and  so  forth. 

Now  we  are  on  the  threshold  of  creating  remarkable  maeblnee 
for  studying  the  unit  to  be  controlled  and  machines  Into  which 
an  algorism,  or  a  calculated  formula,  has  not  been  put  In  beforehand, 
I  am  speaking  of  learning  and  self-teaching  mechanisms  capable 
of  determining  the  state  of  a  system  over  a  long  period  of  time 
according  to  a  series  of  indicators  which  man  is  either  not  quite 
capable  of  perceiving,  or  perceives  only  subconsciously.  This 
will  permit  carrying  out  of  the  control  process  when  Ineouplate 
infonsation  la  available  and  at  the  sssie  time  simplifying  its 
col lection, 

one  of  the  more  interesting  leeming  processes  is  the 
recognition  of  visual  forsw,  Pom  Is  the  conception  which  e 
person  relates  to  a  definite  ihepe,  is  able  to  recognise  and 
ralates  to  a  particular  group,  even  though  he,  perhepa,  has  never 
before  met  the  given  repreaentati.e  of  the  group,  Thue,  for 
inatanee,  tha  lettar  **A”  ia  a  fom,  baeauaa  tha  Inscription  of 
this  lattar,  written  In  varying  styles  of  handwriting.  Is  perceived 
as  a  lattar  "A*’,  Other  axsmplas  of  fora  are  the  concepts  of 
'*a  masculine  portrait'*,  "the  cipher  1”  end  so  forth, 

ImiUtion  of  the  Imaminf  prooees  is  cm  of  the  important 
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problMBS  In  cybAmAtlet,  •■pncially  If  one  knaps  in  nind  tha 
long»rang«  drmrlng  togathar  of  tha  fnaetlona  of  a  aachlaa  and  tha 
funetlons  of  tha  huaan  brain. 

In  this  eonnaetion,  many  works  which  daal  with  maehanistts 
for  tha  raoognltlon  of  forms,  tha  so-eallad  "paroaptrons”.  haiva 
appaarad  in  world  lltaratura  during  tha  past  faw  yaars. 

How  doas  tha  laamlng  proeass  taka  plaea?  Ona  can  Imaglna 
that  a  taaehar.  who  alraady  la  abla  to  distinguish  thasa  forms, 
works  out  a  systam  of  sykbols  (an  original  program)  with  which 
It  Is  possible  to  racognlsa  lattars  or  other  forms  and  teaches 
this  program  to  a  student.  Such  an  approach  Is  being  Imitated 
In  many  machlnaa  now  under  davalopmant  for  reading  printed  or 
written  letters.  In  this  case,  tha  learning  process  comas  to  a 
working  out  of  a  system  of  syid>ols  for  inelneton  Into  a  well* 
cemeelved  program. 

Thera  axista,  however,  another  approach  to  the  learning 
process  idileh  Is  much  more  Interesting  from  the  vi!awpolnt  of 
Imitating  It  In  a  machine.  The  teacher,  who  does  not  attaaqpt 
to  work  out  a  S3rstan  of  symbols  and  to  explain  how  to  distinguish 
lattars,  shows  each  of  tha  students  several  lattars  and  names 
them,  very  quickly,  tha  students  begin  to  Identify  tha  lattars 
with  oonfldanca,  even  though  they  were  not  taught. their  syUbola 

g  - 

or  progrsms  for  recognising  than. 

One  of  the  mf^loyees  of  the  Institute  for  Automation  and 
Tslameehanioe  (l.N.  irsmetmaa)  hea  put  Itorth  a  hypotheels  which 
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Im  has  callad  tha  hypothasls  of  eoapaetnass.  This  hypothasls 
has  parmltted  tha  explanation  of  the  laarning  process  and  its 
reproduction  artificiallyt  even  though*  naturally*  it  is  not 
absolutely  sure  that  the  learning  process  oeenrs  aneaetly  in  this 
SHinner  in  tha  husan  brain. 

Let  ufl  pictura  a  photographic  field,  that  is*  a  plane 
surface  whioh  has  been  divided  into  cells  and  filled  with  photo¬ 
cells.  An  image  is  projected  on  the  photographic  field  and  light 
falls  on  a  part  of  tha  photo-calls  which  also  have  been  sensitized, 
let  us  further  imagine  a  polydimansional  space  having  as  many 
coordinate  axes  as  there  are  photo-cells  contained  in  our  field. 
Bach  photo-cell  can  only  be  sensitized  or  non-senaitised;  therefore* 
its  state  can  be  characterised  on  each  a:d.s  by  two  points*  having 
point  "1"  which  corresponds  to  the  sensitised  and  point  **0"  which 
corresponds  to  the  non-sensitised  states.  During  projection 
onto  the  photographic  field  of  some  kind  of  image*  quite  definite 
photo-cells  turn  but  to  have  bean 'sensitised*  end  tha  statp  of 
the  whole  photographic  field  can  be  represented  by  one  point 
in  the  space  described  above  and  named  the  receptor  field.  This 
point  is  the  apex  of  a  single  polydiimwionsl  cube  ocnstructed 
on  the  coordinate  axes. 

Every  image  projected  onto  the  photographic  field*  for 
example  each  latter  "A"*  has  its  own  corresponding  point  in  the 
receptor  field.  All  the  letters  "A**  written  in  different  styles 
of  hsndwritiag  have  one  corrsspomdim  onriMr  sad  one  group  of 


points  In  this  field  oeeup3rtng  sons  sees,  and  all  the  letters 
**B”  another  number  and  oeeupylng  another  area  of  space.  If  the 
areas  uhich  correspond  to  the  various  forms  do  not  Intersect, 
then  the  foras  are  different.  It  Is  possible  to  suggest  that 
In  the  human  brain  areas  corresponding  to  one  or  another  shape 
are  fonaed  in  tha  recaptor  field  by  some  naans. 

The  hypothesis  of  coeipactnsss  is  fomulatsd  ss  follows: 

A  person  raealves  a  ntnbar  of  diffarant  visual  aansatlons  as  a 
unitad  form  If  tha  nunbar  of  points  which  corresponds  to  this 
sensation  in  the  receptor  field  is.  In  a  sense,  a  compact  number 
(Hsce  the  tern  "conpact  nusbar'*  has  a  somewhat  different  meaning 
than  that  found  in  msthaaatlcal  analysis.) 

Corresponding  to  such  a  hypothesis,  tha  task  of  learning 
eoass  down  to  tha  Insertion  of  surfaces  separating  one  area  fron 
another  in  tha  polydinanaioiuil  space.  This  task  esn  bs  perfoimsd 
by  tha  machine,  and  than  tha  naeblna  acquires  tha  ability  to 
distinguish  forms. 

Tha  learning  process  of  tha  machine  takas  tha  following 
course:  Tha  machine  is  "shosm”  imagss.  for  axampls  the  letters 
**A"  and  *9**,  snd  is  informsd  by  a  pra-arraagad  coda  of  the  kind 
of  letters  they  are.  Then  ths  aachins  eomputsa  and  memorisea 
the  position  of  tha  surtaea  which  saparatas  tha  "A"  and  "B** 
arsss  in  tha  receptor  field.  Aeoording  to  the  number  of  the 
iaagaa  shown  which  are  written  in  varying  styles  of  handwriting, 
ths  maehins  makss  tha  position  of  this  surfaoa  more  and  more 
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preelstt  and  at  tha  saaa  time  continually  teaches  itself.  When, 
after  this,  the  machine  is  shown  an  image  and  is  "asked"  by  the 
pre-arranged  code  what  letter  it  is,  the  machine  detertolnes  on 
what  side  of  the  dividing  surface  the  point  la  which  represents 
the  image  shown  and,  depending  on  this,  gives  the  answer. 

This  type  of  machine  is  suitable  for  learning  to  recognise 
the  most  varying  forms,  because  their  construction  and  program  do 
not  contain  symbols  of  a  specific  form  and  are  guided  only  by 
a  hypothesis  that  the  points  which  eorrespend  to  every  form  are 
available  in  the  compact  area. 

The  mentioned  idea  was  made  the  basis  for  a  program 
developed  in  our  institute  and  realised  on  the  data  machines  of 
the  Gooputing  Center  of  the  Academy  of  Sciences  of  the  USSR  and 
of  several  other  orgenisations.  The  first  experiments  provided 
very  good  results.  At  first,  experiments  were  set  \xp  for  teaching 
machines  to  recognise  five  ciphers.  The  program  did  not  contain 
information  on  the  ciphers  or  symbols  by  which  they  could  be 
identified:  that  is,  this  program  was  not  suitable  for  recognising 
ciphers,  but  for  letters,  geometric  figures  and  so  forth. 

We  prepared  200  inscriptions  of  each  cipher  written  in 
various  styles  of  handwriting,  of  which  40  forms  of  each  cipher 
were  used  for  learning,  and  the  remaining  160  forms  were  applied 
for  checking  how  well  the  machine  had  learned  to  recognise. 

During  the  learning  operation,  the  machine  was  shotm  the  40 
picked  ciphers  and  informed  by  the  pre-erfenged  code  whet  cipher 


it  was.  Then  It  was  shown  the  remaining  160  veraions  of  each 
cipher  Which  had  not  been  considered  previously  by  the  machine 
and  the  machine  was  required  to  recognise  then*  Out  of  800 
atteapts,  the  machine  was  mistaken  only  in  four  eases. 

The  success  of  the  first  sxperlments  inspired  our  co- 
fiorkers^  end  experlaante  of  a  wider  scope  were  set  up  during 
which  the  Biachine  successfully  leemen  to  recognise  ell  ten 
ciphers  on  the  basis  of  very  little  learning  material*  At  the 
present  time*  a  broad  aeries  of  experiments  of  this  type  is 
projected.  Experiments  are  planned  for  teaching  machines  to 
racogniss  all  letters  of  the  alphabet  and  even  portraits. 
Simultaneously*  experiments  with  animals  are  being  prepared  in 
one  of  the  laboretoriee  of  the  Academy  of  Medical  Science  to 
eeeerteln  the  pleuslbllity  of  the  hypothesis  of  compactness. 

The  poaeibllity  of  teaching  machines  a  recognition  process 
opens  unusual  opportunities  for  automation.  It  may  be  that  it 
will  turn  out  to  be  s^vantageoua  to  construct  monotype  machines 
for  analyzing  various  sittiatlons*  and  later  to  specialize  these 
machines  by  means  of  learning.  The  axperlmenta  deaerlbad  show 
that  the  idea  of  such  a  type  la  realistic. 

It  la  already  clear  that  in  the  n;^ar  future  machines  will 
be  successfully  taught  not  only  to  recognise  forms*  but  also  more 
complicated  processes.  Taming  to  the  future*  we  see  surprising 
machines  which  have  been  taught  to  replace  man  in  performing 
the  most  delicate  operations.  One  can  conceive  of  meohinea  which 
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Itarn  to  roeognis*  by  th«  aountf  of  an  apparatus  which  is  operating 
just  whsra  an  irregularity  has  ocouriad,  or  to  aaka  a  diagnosis 
by  listening  to  the  beating  of  a  heart. 

Of  course,  a  long  and  tortuous  path  will  have  to  be  traveled 
fron  the  first  experiments  until  thi^  realisation  of  these  ideas, 
but  the  aueoess  already  achieved  instills  confidence  that  the 
approach  to  the  construction  of  the  machines  -  at  first  of  one 
operation  and  then  learning  other  operations  -  is  feasible, 
and  herein  lies  one  of  the  most  important  directions  of  automation 
in  the  future. 

1  will  turn  to  the  second  operation  of  the  control  procest- 
to  the  working  out  of  a  plan  or  program  of  control.  In  living 
nature,  a  control  plan  is  not  alwaya  developed  by  eedi  individual 
indapaodently.  Baaically,  it  is  produced  In  the  process  of 
development  of  e  species  and  is  trsnsmittsd  to  ths  Individual 
through  inheritance  in  the  form  of  reflex  actions  and  tha  prssencs 
of  individual  parameters,  such  as  tempereturs,  concentrations  of 
solutions  and  others,  in  the  different  oonoitions  of  a  living 
organism. 

In  automatic  ctatrol  syatsms,  tha  general  plan  is  always 
sat  up  by  a  human,  but  the  degree  of  detailing  of  this  plan  can 
be  different.  Ihe  proeeee  routine  (control  program)  is  set  up 
in  every  detail  by  e  human  in  the  overwhelming  majority  of  modem 
meehaniama.  In  automatic  lathes,  ths  program  may  be  realised 
with  the  help  of  mechanical  connaotera,  or  by  meant  of  inetruotions 


on  a  program  tapa.  Xn  othar  eaaoii  the  process  paramaters 
(tomparatura ,  prossure  and  so  on)  ara  sat  up  by  a  technologist 
in  tha  form  of  Instructions  and  raallaad  althar  by  an  operator 
or  an  automatic  regulator. 

However I  In  the  last  analysis,  we  are  not  interested  in 
tha  temperature  or  another  parameter  of  one  or  another  point 
of  the  system,  but  in  the  overall  result  of  the  operation,  auch 
as  the  quality  of  the  finished  product,  economy  sxii  productivity 
of  tha  mechanism,  or  some  other  index. 

The  requirement  for  higher  economy  of  a  procese  compels 
a  search  for  optimal  criteria  providing  the  most  suitable  operational 
routine  for  an  aggregate,  shop,  factory  and,  finally,  for  a 
whole  branch  of  industry.  Xn  the  presence  of  such  a  complexity 
of  control  problems,  nan  hee  proved  to  be  incapable  of  comprehending 
all  the  data  needed  for  making  the  best  deciaione*  This  problsm 
can  be  solved  only  with  the  eld  of  computers. 

At  the  present  time,  the  technology  of  eutometie  control 
is  entering  into  a  new  period  chareeterissd  by  the  sutomstion 
of  the  development  of  a  control  plan  on  tha  basis  of  more  end 
more  general  criteria. 

Two  fundamentally  different  methods  have  been  planned  for 
determining  the  best  control  plan.  Ihe  first  method  Is  the  •♦rigid** 
plan,  whereby  a  computer,  after  processing  the  collected  infomation 
and  ascertaining  the  state  of  the  system,  detrralnes  the  neeesaary 
work  routines  according  to  tha  specified  eorreletlona. 
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HoMV«r,  this  msthod  r«qulrs8  not  only  s  detailed 
mathematical  description  of  the  process^  which  sometlmee  proves 
to  be  most  difficult,  but  also  a  knowledge  of  all  the  operating 
conditions  of  the  system  which  can,  In  the  course  of  time,  change. 
Therefore,  another  method  was  planned  and  a  theory  for  a  control 
system  developed  which  Includes  automatic  adaptation  to  changing 
conditions. 

It  is  well-known  that  living  organisms  possess  an 
extraordinarily  high  level  of  adaptation.  What  Is  the  secret 
of  this  remarkable  capability?  It  has  been  proved  that  the  main 
characteristics  of  adaptation  are,  on  the  one  hand,  a  structural 
flexibility  of  the  organism  end,  on  the  other,  e  eepeclty  to 
change  the  unified  purpose  of  this  structure. 

These  peculiarities  ere  also  beginning  to  be  utilized 
In  the  field  of  automation,  and  during  the  pest  few  years  we  have 
been  witnesses  of  e  stubborn  end  urgent  attempt  to  increase  the 
structural  flexibility  of  control  mechanisms,  Dsw  elements, 
reliable  end  small,  which  can  be  aescmbled  by  various  methods 
In  large  quantities,  have  emerged,  h^w  plans  ere  appearing  for 
crude  elementary  unite  which.  In  a  general  way,  are  modeled  on 
the  behavior  of  nerve  cells,  the  so-celled  nerve  models.  And, 
finally,  new  types  of  arrangements  and  mschanisms  are  appearing 
)'V3deled  on  the  construction  of  nerve  fibers,  the  nerve  clusters. 

But  there  is  still  very  little  of  one  structural  quality. 
iJechanlsms  must  be  provided  with  e  cepeblllty  for  e  unified 


pxttpoM  of  ehango  and  adaptability. 

The  most  general  aspect  of  the  processes  of  adaptation 
is  search.  In  the  search  process,  trials,  experiments  and  Investigations 
arc.  made.  An  analysis  of  their  results  permits  the  finding  of 
mstho>!8  for  rational  adaptation.  Mow  automatic  search  systems 
utilising  a  method  of  "trial  and  error"  are  beginning  to  develop. 

This  ':3^e  of  system  Is  new  In  technology,  but  for  nature  search 
li  not  a  new  method  at  all.  The  mechanism  of  natural  selection 
eorsliits  basically  of  the  fact  that  from  the  different  species 
of  ll'^ng  organisms  formed  In  nature  (they  can  be  considered  as 
a  type  of  "trial"),  only  the  most  adaptable  survive.  They  transmit 
to  their  descendants  their  own  specific  traits  providing  a  great 
cipacity  for  survival.  As  a  result,  nature  has  succeeded  In 
forming  complex  and  highly-developed  species  of  living  creaturee 
by  modifying  billions  of  organisms. 

A  question  has  evolved.  Zs  It  possible  after  artificially 
accelerating  aaarch  and  rationalising  Ita  mathods  to  obtain  naw 
t;^s  of  automatic  machlnaa?  This  Idaa  la  balng  ambodiad  in  naw 
resaairch,  particularly  In  a  ayatam  of  automatic  aynthasla  uhleh 
haa  been  developed  in  the  Inatltute  of  Autosutlon  and  Talamachanics. 

In  this  systam,  an  automatic  optimal  aalactor,  while  trying 
various  varalons,  changas  the  parametera,  charactaristlca  and 
aven  the  structure  of  the  control  mechanism  In  such  a  way  that 
the  axttomatlc  control  system,  which  they  want  to  parfact  or  aven 
to  synthaslaa  anew,  will  acquire  the  moat  cdvantegcons  properties. 
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Such  optlul  aAlsetort*  and  lona  of  thaa  alraady  hava  baan 
put  Irwto  lariail  production,  will  ba  applied  in  tha  nost  varying 
anu  of  planning  and  seiantif  le  raseareh.  Undoubtedly,  va  are 
witnaaaaaing  th*  birth  and  davalopmant  of  vary  Ihtaraating  idaaa 
Which  vill  paxtait  ua  to  antruat  to  autonatie  naohaniaiBa  still 
non  o^t  tha  ftinetiona  oouiaetad  with  tha  intallaotual  aetlvltlaa 
of  BaiM« 

Othar  naw  typea  of  optimal  selector  mechanisms  providiixg 
flttlb  1*  control  plans  which  adapt  to  changing  conditions  are 
baitd  ^  on  tha  aautoastie  search  principle.  ‘Iha  theory  and  the 
prineiTTUi  for  their  functioning  ware  developed  in  our  institute. 
Machan=liM  ermated  on  their  base  have  been  introduced  into  industry 
and  alrrrmdy  arm  supporting  optimal  work  schedules  for  metallurgical 
fuxMcsMft  radJLc  transmitters  and  other  installatioiia  and  are  having 
a  lubs'Vtutial  •conomie  effect. 

Heuaver ,  there  la  in  prospaet  a  great  deal  of  work  dlreetad 
towrd  inereaming  the  effectiveness  of  seereh  mechanisms  end 
crsttimmig  ths  principles  for  building  thorn. 

It  is  mppropriata  hsra  to  touch  on  a  problem  which  oftan 
ariies...  Can  m  machine  perform  functions  which  hava  not  baan 
pre7io«-^ily  tafc  up  in  it  by  the  builder?  This  can  be  anawerad 
affltBMitlvaly.  Indaad,  tha  builder  of  tha  syatam  under  discussion 
dost  nc9t  let  up  s  psttam  of  operation  naadad  for  one  or  another 
use  of  tha  sys-kem.  Xt  is  enough  for  tha  conatructor  to  provida 
the  lyamtm  s  much  more  general  preparty,  tha  capability  of  parf acting 
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•ad  Ittamlng,  and  to  ••!  up  ovarall  orltarla  uhlch  avaluata  tha 
raaulta  of  Ita  oparatloaa  (for  oxM^la,  apaad  of  oparatlon). 

While  raaliaing  thla  capability,  tha  autonatle  naehlna  will  be 
able  to  work  out  the  beat  atrueture  for  tha  ayatam  and  the  pattam 
of  operation  by  Itaelf ,  idileh  In  a  nuaber  of  eaaaa  turn  out 
unaaepeetedly  even  for  tha  builder  hinaelf •  Therefore,  wa  can 
antlelpata  the  creation  of  ayateaa  Which  autonatloally  perfect 
their  own  atrueture  and  at  the  aaaa  tiaa  provide  an  evolutionary  • 
diange  which  to  aone  dagraa  raaaaiblea  tha  prooeaa  of  evolution 
In  living  foma.  In  thla  area,  without  a  doUbt,  wa  nay  axpaet 
tha  noat  Intareatlng  aelantlflc  breakthrou^a. 

I  will  now  turn  to  tha  third  control  proeaaa,  tha  vaallaatlon 
of  the  adopted  plan. 

The  realisation  of  a  control  plan  In  anlaal  life,  particularly 
the  maintenance  of  required  valuaa  •  **aelactlon*'  In  the 
terminology  of  tha  phyaleloglata  •  la  one  of  tha  noat  iaportant 
funetlona  of  control  In  living  organ! ana, 

Gonpatlbly  vith.  the  technical  naehanlana ,  ’  the  problea 
oonalata  of  aettlng  up  the  aelacted  operating  routine  In  the  unit 
to  be  controlled  aa  functionally  and  axactly  aa  poaalble. 

In  a  nunber  of  unite,  the  raallaatlon  of  the  adopted 
plan,  (prograna)  la  effected  by  aaquentlal  ayatanq  and  regulating 
naehanlana  which  have  already  baan  widely  Introduced,  However, 
many  years  of  thaoretlcal  and  aatparlaantal  raacareh  would  be 
required  to  nodamisa  than. 
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During  th«  pMt  faw  yaarSf  avar  highar  daaanda  hava  baaa 
placed  on  similar  meehaniama  as  to  precision  and  high-apaad 
oparatlona.  And  than  the  limitations  (of  powar  potential • 
tolerable  rata  of  acceleration  and  so  forth)  always  present  in 
operating  systems  baemaa  clearly  apparent. 

As  soon  as  the  limiting  influences  were  brought  under 
investigation,  it  beoama  clear  that  they,  nasmly,  also  determine 
the  maximuB  attainable  indexes  for  control  quality  and  advantageous 
structure  for  the  controlling  mechanisms. 

In  this  connection,  there  arose  the  concept  of  optimal 
control  which  achieves  the  greatest  effectiveness  by  means  of  the 
maximtn  exploitation  of  the  power,  eiidurance  and  other  reaoureea 
of  the  system  being  controlled. 

A  number  of  fundamental  ideas  were  originated  in  our 
institute.  Their  development  has  led  to  the  fact  that  the  theory 
of  optimal  control  now  presents,  in  its  own  right,  a  complete 
field  of  science  with  e  literature  containing  hundreds  of  aoientifie 
publications. 

The  principles  of  optimal  control  have  become  widespread 
in  practice.  They  permit  the  creation  of  new  automatic  regulators, 
sequential  systems  and  many  other  teehnleal  mechanism^  and  the 
attaiament  of  substantial  progress  on  their  basic  points. 

The  technical  problesis  connected  with  the  building  of  optimal 
control  systems  led  to  the  formulation  of  mathematieel  problems 
which  were  suecessfully  solved  by  the  Academician  L*  8.  fontryegin 


«rtd  hia  co-«»rtert  and  wm  an  iaportant  contritmtlon  to  the  calculation 
of  varalona* 

Up  until  recently,  the  technical,  as  wall  as  the  mathCDatleal, 
prohlena  of  optlnal  control  were  developed  to  confom  to  tiia  control 
probleaa  of  ayatena  with  fixed  parastaters.  However,  a  large  number 
of  the  technical  aystanui  are  systems  with  differentiated  parameters, 
inasmuch  as  many  productive  processes  are  developed  not  only  in 
time,  but  also  in  space  and  for  them  the  space  and  time  change 
in  the  states  of  the  systaes  being  controlled  is  very  esseutlal, 

«  Theoretical  research  originated  and  performed  in  our  institute 

has  permitted  the  solution  of  Inportant  problems  of  this  type  and 
the  crystallising  of  Pontryagin's  principle  of  a  maximum  on  the 
control  ayatema  by  unita  with  dlffasentiatad  paramatera,  0ns  may 
take  as  an  axanpla  tba  optimal  control  ay  atom  uaad  for  tha  continuous 
furneoa  for  hasting  blaxika  baing  rollad  which  wma  davalopad  by  tha 
Ibatituta  et  tha  Magnitogorsk  CosAins. 

A  taature  of  this  systam  is  that  for  tha  first  tima  in 
aotoMtie  control  technology  tha  control  signals  are  formed  not  in 
responoe  to  the  lisdLting  factors  of  the  eyste^a  being  controlled, 
but  is  determined  by  tha  character  of  the  dietributlon  of  the  unit's 
states  in  space;  that  la,  they  are  not  functions,  but  functionals 

I 

of  tha  state  of  the  unit  being  controlled.  Such  a  atruetura  for  a 
Control  ayatam  la  new  in  principle  and  vary  general,  because  it 
will  psrmlt  the  realisation  of  optimal  control  for  many  different 
produotiva  and  other  typos  of  prooaaaaa  (such  aa  the  prooaaaing 
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of  froo-flowing  matorUlt,  the  proeoeiee  for  obteinlng  pig  iron 

in  blest  furnaces  and  so  on)  and  to  echieve  e  high  level  of  effectiveness 

as  eoopared  with  existing  systsns. 

There  are  reasons  to  believe  that  sons  living  organisns 
exist  in  correspondence  with  the  principles  of  optisial  control. 

The  employees  of  the  Institute  of  Automation  and  Telenechenlcs 
together  with  biologists  and  medical  specialists  will  cheek  these 
suppositions  on  living  eniauils  end.  perhaps,  on  humans. 

v«e  had  stopped  on  the  subject  of  automatic  control  systems 
which  ere  performing  a  niBber  of  man's  functions  and  even  excelling 
him  In  these  areas.  However,  it  would  be  Incorrect  to  believe 
that  automatic  control  isachines  will  completely  eliminate  man  from 
the  control  processes.  In  the  majority  of  cases,  modem  control 
systems  represent  teen  and  autoBiatic  machine”  systems,  in  which  man. 
possessing  the  most  complex  end  finest  technology,  continues  to 
play  the  role  of  a  commander  making  the  final  decisions.  This 
arrangement,  apparently,  will  be  preserved  in  the  future  also,  at 
least  vp  until  machines  in  all  rmopmets  emeel  man  In  his  u^aelty 
to  control. 

In  coaiplex  modem  systems,  the  functions  of  automatic  mechai^sms 
and  of  the  people  participating  In  control  processes  are  closely 
interwoven.  Therefore,  It  is  becoming  impossible  to  solve  the 
problems  of  control  by  limiting  oneself  only  to  their  technical 
aspect  and  not  considering  the  psychological  and  physiological 
factors  connseted  with  man's  partlolpatlon  in  oontrol  proMSses. 


On*  miat  not  lot*  light  of  th*  fact  that  tha  bull dot  does  not  hava 
tho  capability  of  "aynthaalsing**  tha  individual  psychological  and 
physiological  chacactariitiea  of  man*  Althou^  tha  functional 
charactariitici  of  man  ara  also  aubjact  to  a  unified  purpose  of 
davalopoant  and  change*  tha  operator*  naverthalass *  enters  into 
the  functioning  of  a  control  aystato  because  he  possesaea  a  certain 
nuBibar  of  relatively  stable  virtues*  Iberafore*  the  fundamental 
task  in  building  such  syatams  consists  of  profitably  utilising 
the  operator's  talents  supplemented  by  technical  means*  Thareby* 
man  must  be  assigned  such  s  place  and  he  must  be  placed  into  such 
conditions  that  his  labor  will  be  as  meaningful  and  easy  as  possible. 

Research  on  the  end  automatic  machine"  systems  la  not 
only  theoretically  possible*  but  also  practically  necessary*  It 
is  a  prerequisite  for  the  further  development  of  a  nmbar  of  Important 
control  systeaie. 

Such  work  has  also  been  begun  in  our  inatituta  in  cooperation 
with  the  psychologlata  »nd  physio logista* 

Wa  have  considered  sosie  highly  sophisticated  automatic 
control  systems*  With  each  passing  year,  these  systems  will  perform 
much  more  cooplex  f\inctions  and*  in  this  way*  the  technological 
problems  will  become  more  closely  involved  with  the  problems  of  the 
other  scientific  fields.  In  this  eree*  the  closest  cooperation 
with  mathematicians*  physicists*  chamists*  physiologists  and 
psychologists  will  ba  mandatory* 

Tha  problam  of  automatic  control*  without  a  doubt*  will  be 


th«  e«nt«r  of  crystal lltat Ion  for  many  branches  of  science.  Automatic 
control  is  like  a  tree  standing  solidly  In  the  earth  and  nourished 
by  the  sap  of  urgent  practical  problems  of  automation  and  by  the 
departure  point  Into  the  area  of  the  most  Intricate  problems  of  the 
higher  nervous  activity  of  man.  It  Is  In  this  area  that  we  may 
expect  exceptionally  Interesting  and  Important  scientific  break¬ 
throughs  which  will  make  possible  the  ereatlon  of  a  highly  perfected 
Connunlst  society. 
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